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Abstract

Introduction

Muscle weakness is linked to a range of adverse health outcomes across the lifespan

including mortality, morbidity, and disability. Because lifestyles and body composition are

quite different between Western and Asian countries, there is an urgent need to establish

normative grip strength values for individuals of Asian descent. This study presents norma-

tive data for hand grip strength in a Korean population-representative sample.

Methods

A sample of 11,073 individuals (age 10–80 years) was included from the Sixth Korea

National Health and Nutrition Examination Survey, 2014–2015. Isometric grip strength was

assessed using a handheld dynamometer. Relative grip strength was calculated as the

maximum absolute grip strength divided by body mass index. Means, standard error, and

quintiles for grip strength and relative grip strength were analyzed per 5-year age group for

each sex. To create growth charts for grip strength and relative grip strength, parametric

quantile regression was used.

Results

In males, absolute grip strength increased quickly starting from 10 years of age until approxi-

mately 20 years of age. In females, there was gradual growth until approximately 15 years

of age. Grip strength continued to increase until a peak between ages 30 and 39 years, and

then declined from midlife onwards in both sexes. Our data showed that the prevalence of

weak grip strength increased rapidly in late adult life based on a T-score of -2 standard devi-

ations below the sex-specific peak mean (equivalent to 33 kg in males and 20 kg in females).

Approximately 20% of subjects had weak grip strength at age 65–69 years.
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Conclusion

This was the first study to establish normative reference values for grip strength across the

lifespan in a Korean population aged 10–80 years. Percentiles of grip strength will inform

clinical assessments and will help identify thresholds for the identification of muscle

weakness.

Introduction

Muscle weakness in older adults can affect functional limitations, morbidity, and mortality,

even when it is not attributable to primary neurologic or muscular disease [1,2]. Muscle weak-

ness is a key component of sarcopenia and the frailty phenotype in older adults [3,4] and is

used as an indicator of malnutrition [5]. Furthermore, muscle weakness is also a primary

marker of cardiovascular diseases and type 2 diabetes, as well as a predictor of all-cause death

and cardiovascular death in middle-aged and young people [6–9]. Therefore, muscle weakness

may act as a biomarker of healthy aging across the lifespan.

Grip strength measurements using a hand grip dynamometer are recommended for the

assessment of muscle weakness. This is an easy, quick, noninvasive, and reliable measure of

the maximum voluntary force of the hand. It is relatively inexpensive [10–12] and can be used

in both clinical and community settings. This technique has been demonstrated to be a reliable

screening tool in the assessment of nutrition risk during hospital admission [13,14]. Grip

strength can also be informative with regard to nutritional status, muscle mass, physical func-

tion, and health status [13,15–17]. Thus, it should be routinely used as a vital sign throughout

the life stages [18].

Reference values for grip strength are essential for making informed decisions about the

normality of an individual’s status relative to the population. Published reference values for

hand grip strength are available for many countries; in most cases, they are divided into age

and sex subgroups [19–23]. Studies may divide participants by age, sex, right and left hand, or

dominant and non-dominant hand [24]. Furthermore, reference values have been presented

as the maximum grip strength measured for either hand [12,25–27].

More recently, normative reference values for grip strength have been published based on

large, nationally representative Western populations using the U.S. National Health and Nutri-

tion Examination Survey [26,28], the Canadian Health Measures Survey [27], the German

Socio-Economic Panel [23], and 12 general population studies in Great Britain (U.K.) [29].

These nationally representative studies among Western populations covering the life course

have reported that peak mean values of grip strength (around 48–54 kg for men and 28–34 kg

for women) are not reached until the late forties, and they then decline from midlife onward in

both sexes (mean values drop to about 41–44 kg for men and 25–28 kg for women). Moreover,

the peak values reached in midlife among the German population are somewhat higher than

those in the U.K., United States (U.S.), and Canada. Therefore, national variations in grip

strength suggest that normative reference values developed for one country may not be appli-

cable to other countries [30]; thus, reference values based on Western populations may not be

appropriate for use in Asian populations. In particular, ethnicity should be taken into account

because lifestyle and body composition are quite different between individuals who live in

Western and Asian countries. To our knowledge, no previous studies have investigated the

normative grip strength values in a study representative of Asian countries and covering the

life course. However, some works have proposed normative grip strength values for specific
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age groups based on Asian populations [31–34]. A meta-analysis of previously published

studies [31] among Japanese community-dwelling elderly adults who could independently

perform activities of daily living estimated the mean grip strength of men aged 67–80 years

as 33 kg and that of women aged 68–79 years as 21 kg. A pooled analysis of combined data

from six cohorts of nondisabled, Japanese community-dwelling adults aged 65 years or

older found mean grip strengths of 32 kg for men and 20 kg for women [32]. In other Asian

countries, a cohort study among a nationally representative sample of Taiwanese adults

aged 53 years and over reported average grip strengths of 34 kg for men and 20 kg for

women [33]. Using a large sample dataset from Singapore, a representative Southeast Asian

country [34], the normative grip strength values among community-dwelling elderly Singa-

poreans aged 60–89 years were defined: mean of 26 kg in men, mean of 17 kg in women.

Typically, normative grip strength values for individuals of a given age and sex vary accord-

ing to geographic region and/or ethnicity.

There is need to establish normative grip strength values based on a nationally representa-

tive study among a Korean population and covering the life course in Asian countries. These

values would be of great help to health professionals and clinicians in clinical and epidemio-

logic settings. The primary aim of this analysis was to describe normative data for hand grip

strength using a population-representative sample of Korean individuals aged 10–80 years

from the Sixth Korea National Health and Nutrition Examination Survey (KNHANES VI),

2014–2015. A secondary analysis was performed to determine the relationship between hand

grip strength and body size indicators. In a subanalysis, we sought to compare the mean values

of maximum grip strength for Korean and U.S. populations, after stratification for sex, age,

and body height.

Materials and methods

Study design and population

The KNHANES VI (2014–2015) is a nationwide, population-based, cross-sectional health

examination and survey conducted by the Division of Chronic Disease Surveillance, Korea

Centers for Disease Control and Prevention (KCDC), Ministry of Health and Welfare.

KNHANES has been carried out annually since 1998 to monitor the health and nutrition status

of the South Korean population [35]. KNHANES selects the subjects (by household units)

using stratified, multistage probability sampling each year.

The KNHANES data are available to the public, having undergone a series of thorough

reviews and cross-checking for missing information, erroneous values, mistaken codes, logical

errors, missing values, and statistical outliers in the original data. We compiled all data of the

14,930 participants of the KNHANES VI. We initially selected 13,389 subjects aged�10 years

for our study. Of the selected subjects, 11,104 subjects underwent grip strength examination.

Subjects who were missing grip strength examinations that were tested in triplicate on each

hand (n = 291) or who were missing height or weight data (n = 16) were excluded from our

analyses. Moreover, we excluded 16 outliers, identified from specific regressions of model grip

strength as a function of age and BMI in the linear regression; those with standardized residu-

als of more than ±3 SD were removed from the sample. Ultimately, 11,073 participants (5,054

men and 6,019 women) were included in our study.

All KNHANES surveys were approved by the Institutional Review Board (IRB) of the

KCDC, and all the subjects provided written informed consent (IRB number: 2013-12EXP-03-

5C). This study was exempt from IRB review by the Institutional Review Boards of Kyung Hee

University (IRB number: KHSIRB-17-012).
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Anthropometric measurements

The subjects’ anthropometric measures were obtained by trained examiners. The height was

determined to the nearest 0.1 cm using a wall-mounted stadiometer. Weight was measured

with light clothing but without shoes to the nearest 0.1 kg. Waist circumference measurements

were taken at the end of a normal expiration to the nearest 0.1 cm, measuring from the middle

point between the lower border of the rib cage and the iliac crest at the mid-axillary line. Body

mass index (BMI) was calculated as weight in kilograms divided by height in meters squared.

Hand grip strength measurements

Grip strength examinations were performed as part of KNHANES VI (2014). All participants

aged 10 and older were eligible for the hand grip strength component, which included a pretest

questionnaire and an isometric grip strength test using a handheld Takei dynamometer

(model TKK5401). Individuals were excluded if they reported hand or wrist surgery in the pre-

ceding 3 months or were unable to hold the dynamometer with either hand (e.g., paralyzed in

both hands, missing limbs). Participants also were excluded if they had any pain, aching, or

stiffness in their right hand in the past 7 days (e.g., arthritis, tendonitis, carpal tunnel

syndrome).

When using the hand dynamometer, the subjects stood upright with the shoulders in a neu-

tral position, arms at the side, and elbows fully extended. A trained examiner explained and

demonstrated the protocol, adjusted the grip size for each hand, and asked the participant to

squeeze the dynamometer for a practice trial. The handles were adjusted to accommodate

hand size, with the index finger of each hand at 90˚ flexion between the proximal and middle

interphalangeal joints. Then, the subjects were instructed to start the test by using each hand

to squeeze the handle with maximum effort for 3 seconds, while being given verbal encourage-

ment. Each hand was tested three times, alternating hands between trials with 60-second rests

between measurements on the same hand. Absolute grip strength was calculated as the greatest

reading for each hand and is expressed in kilograms (to the nearest 0.1 kg).

Hand grip strength is affected by changes in maturation and body size in children [20]. Pre-

vious studies have reported correlations between grip strength and anthropometric variables

such as weight, height, and BMI among healthy people aged 18–90 years [36]. Therefore, grip

strength has been expressed as a relative value. Several previous reports have indicated that

hand grip strength is mostly dependent on body height and have suggested normative values

stratified by body height [22,23,37,38]. Recently, using BMI to adjust for muscle strength has

been recommended as a muscle quality index. For instance, the Foundation for the National

Institutes of Health (FNIH) Sarcopenia Project has proposed a new approach for sarcopenia

diagnosis in which muscle weakness is adjusted by BMI instead of body height or weight [39].

For the frailty phenotype among older adults, weakness has been defined, using maximum

hand grip strength, as being at or below the 20th percentile within eight sex-by-BMI categories

[3]. The relative grip strength-to-adjusted BMI ratio was associated with risk of limited mobil-

ity in older adults [40,41]. Moreover, hand grip strength divided by BMI was significantly asso-

ciated with cardiometabolic risk, and the association was stronger than that using absolute

hand grip strength [33]. Steffl et al. [42] suggested that the grip strength-to-BMI ratio could be

used in children to diagnose sarcopenic obesity. Therefore, we calculated relative grip strength

as the absolute grip strength divided by BMI. To enable inter study comparisons, both absolute

and relative grip strengths are presented. In further analysis, we sought to compare the mean

values of maximum grip strength for Korean and U.S. populations after stratification for sex,

age, and body height. Furthermore, we aimed to compare mean vales reported in studies based

on Western populations with normative values stratified by body height [22,23,37,38].
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Statistical analyses

The basic characteristics of the study population are reported as descriptive statistics, and all

sample and weight variables have been stratified. To account for the complex survey design of

stratified, random, and cluster sampling, we computed 2-year sample weights based on the

methods recommended by the KCDC [43]. The means and standard errors (SE) of grip

strength and relative grip strength were tabulated per 5-year age group for each sex. For males

and females by age group, cutoff points for grip strength quintiles were calculated with SE esti-

mates. Linear regression models with Bonferroni post hoc tests assessed age groups and sex

differences.

To create growth charts for grip strength and relative grip strength, parametric quantile

regression was used to determine the 5th, 10th, 20th, 25th, 50th, 75th, 80th, 90th, and 95th per-

centiles for ages 10–80 years. To explore the sex-specific growth patterns of normalized and

absolute strength, parametric polynomial quantile regression models were used to predict

strength with six powers of age (age-1,
ffiffiffiffiffiffiffiagep

, age ffiffiffiffiffiffiffiagep
, age, age2, age3) using the QUANTREG

procedure in SAS version 9.3. Quantile regression was used for nine centiles to construct the

strength growth charts for both male and female participants using the SAS macro, as

described by Chen [44].

Based on the results of the secondary analysis, we defined a T-score for grip strength as an

individual’s value expressed as a multiple of the number of standard deviations below the peak

mean value encountered in young adult life. This is the same approach that is applied to bone

density measurements in the diagnosis of osteoporosis [45], except we used sex-specific peak

mean values for grip strength. We explored the sex-specific prevalence of weak grip strength in

middle and late adult life using a T-score for grip strength that was equal to or less than -2 SD,

as described previously [10]. To establish the correlations of grip strength with height, weight,

body mass index, and waist circumference, complex samples general linear analyses were car-

ried out with grip strength as a dependent variable and physical factors as independent vari-

ables. In a subanalysis, the mean values of maximum grip strength after stratification for sex,

age, and height were tabulated for Korean and U.S. populations. Publicly available data of the

National Health and Nutrition Examination Survey (NHANES 2013–2014) [46], which follows

the same measurement protocol as KNHANES [47], were used for this analysis. NHANES is

an ongoing series of cross-sectional surveys conducted by the National Center for Health Sta-

tistics (NCHS) of the U.S. Centers for Disease Control and Prevention (CDC). The NHANES

sampling procedure oversamples targeted populations, such as Hispanics, non-Hispanic

blacks, non-Hispanic Asians, older adults, and low-income individuals, to obtain adequate

samples for meaningful subgroup analyses and more reliable variable estimates [48]. A total of

6,958 participants aged 10–80 years (3,395 men and 6,019 women) were included in our

subanalysis.

We considered two-tailed p values of<0.05 to be statistically significant. Statistical analyses

were performed using SAS version 9.3 (SAS Institute, Inc., Cary, NC) and the IBM SPSS Statis-

tics 23 package (SPSS, Inc., Chicago, IL).

Results

The mean age of the study population was 41.8 years (95% confidence interval [CI]: 41.2–42.3)

for males and 44.1 years (95% CI: 43.4–44.8) for females. Mean BMI was 24.0 (95% CI: 23.9–

24.01) for males and 22.9 (95% CI: 22.8–23.1) for females. The seven percentile curves together

with the scatter plots of absolute grip strength and relative grip strength for males and females

are shown in Figs 1 and 2. For males, absolute grip strength grew quickly from 10 years until

approximately 20 years of age. Females showed gradual growth in absolute grip strength until
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approximately age 15 years. Grip strength continued to increase until a peak between ages 30

and 39, and then declined from midlife onward in both males and females. However, the rates

of decline were greater among males. Males showed a higher peak of median absolute grip

strength than females. Similar patterns of growth and decline can be observed in the relative

grip strength curves in females. For males, there was quick growth until approximately age 20

years, with a slight decline from early adult life onward in both males and females.

The means, SEs, and quintiles for absolute grip strength and relative grip strength by sex

and age group are shown in Tables 1 and 2. Our analysis of grip strength by sex showed a

greater grip strength for males at all ages (P< 0.001). Males reached a peak median absolute

Fig 1. Absolute grip strength growth percentile curves for males and females.

https://doi.org/10.1371/journal.pone.0201275.g001

Fig 2. Relative grip strength growth percentile curves for males and females.

https://doi.org/10.1371/journal.pone.0201275.g002
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grip strength of 47 kg and a peak relative grip strength of 1.90 between ages 30 and 39. For

females, the peak median absolute grip strength was 28 kg and the peak relative grip strength

was 1.26 between ages 35 and 39. In linear regression models, there was a decline from 45

years for males and 50 years for females, compared with peak median of grip strength

(P< 0.001). For older individuals (age >70 years), the lowest quintile levels were 27.6 kg for

males and 61.1 kg for females. The mean values for right-hand grip strength were higher than

those for the left hand (P < 0.001). Dominant grip strength was similar to the right hand.

Approximately 90% of the Korean population was right-hand dominant (Table 3). Dominant

grip strength was higher than non-dominant hand in all age group (P < 0.001).

Table 1. Mean, standard error (SE), and quintiles for grip strength, by sex and age group (n = 11,073).

Percentile

Sex Age group (years) n Mean ± SE 20th 40th 50th 60th 80th

Male 10 to 14 413 24.9 ± 0.5 16.6 20.1 22.4 25.2 33.9

15 to 19 358 39.7 ± 0.4 34.1 37.6 39.0 40.5 45.4

20 to 24 249 42.5 ± 0.5 37.2 40.0 42.3 44.4 47.7

25 to 29 236 44.6 ± 0.5 38.5 42.9 44.8 46.3 49.7

30 to 34 317 46.7 ± 0.5 41.4 45.0 47.0 49.0 52.5

35 to 39 354 47.2 ± 0.4 41.5 45.2 46.9 49.2 52.7

40 to 44 406 46.3 ± 0.4 40.6 44.4 45.9 47.4 52.0

45 to 49 333 44.8 ± 0.4 39.7 43.8 45.0 45.9 49.4

50 to 54 386 43.3 ± 0.3 38.1 41.7 43.0 44.8 48.1

55 to 59 479 41.3 ± 0.3 36.0 39.4 41.3 42.6 46.8

60 to 64 394 40.1 ± 0.4 35.4 38.3 40.1 41.3 45.6

65 to 69 423 37.5 ± 0.4 32.8 36.1 37.4 38.9 42.0

70 to 74 312 34.7 ± 0.4 29.9 33.3 34.7 36.8 38.8

75 to 79 253 32.6 ± 0.5 27.4 30.6 32.6 34.1 37.4

80 148 28.6 ± 0.5 24.0 27.5 29.3 30.4 32.3

65 and above 1136 34.5 ± 0.2 29.2 32.8 34.5 36.5 39.6

70 and above 713 32.8 ± 0.3 27.6 31.0 32.8 34.3 37.8

Female 10 to 14 340 20.6 ± 0.3 16.1 19.2 20.0 21.4 24.9

15 to 19 320 26.0 ± 0.3 22.3 24.9 25.8 27.0 29.7

20 to 24 322 25.9 ± 0.3 21.7 24.0 25.4 26.7 29.7

25 to 29 282 26.1 ± 0.3 22.4 24.9 25.9 27.1 29.0

30 to 34 420 27.5 ± 0.3 23.1 26.4 27.2 28.6 31.0

35 to 39 471 28.7 ± 0.2 24.2 27.0 28.1 29.2 32.0

40 to 44 512 27.9 ± 0.2 23.9 26.4 27.5 28.6 31.0

45 to 49 495 27.5 ± 0.2 23.3 26.1 27.6 28.4 31.0

50 to 54 535 26.9 ± 0.2 23.2 25.9 27.0 27.9 30.0

55 to 59 530 25.7 ± 0.2 22.4 25.0 25.7 26.8 29.0

60 to 64 476 25.0 ± 0.2 21.6 24.1 25.5 26.3 28.1

65 to 69 411 23.6 ± 0.2 20.0 22.5 23.5 24.9 26.7

70 to 74 383 22.0 ± 0.3 18.5 20.9 22.0 23.3 25.6

75 to 79 311 20.2 ± 0.3 16.0 19.0 20.3 21.7 24.1

80 211 17.4 ± 0.3 13.7 16.2 17.2 18.2 21.1

65 and above 1316 21.2 ± 0.2 16.9 20.0 21.3 22.5 25.3

70 and above 905 20.1 ± 0.2 16.1 18.9 20.3 21.4 24.0

Weighted mean ± SE.

https://doi.org/10.1371/journal.pone.0201275.t001
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The estimated prevalence rates of weak grip strength in middle and late adult life are shown

in Fig 3. Weak grip strength was defined as a gender-specific T-score being�-2 SD. These val-

ues are relative to the peak mean (SD) scores for absolute and relative grip strength of 47.1

(6.9) kg and 1.92 (0.33) kg in males and 28.1 (4.3) kg and 1.26 (0.23) kg in females, respectively;

both occurred between the ages of 35 and 39 years (S1 Table). Males and females had a similar

prevalence of weak grip strength during the decline phase. The prevalence of weak grip

increased rapidly in late adult life. Our results showed that approximately 21% of men and

20% of women had weak absolute grip strength at age 65. In men, the weakness was more

prevalent in absolute grip strength than in relative grip strength.

Table 2. Mean, standard error (SE), and quintiles for relative grip strength, by sex and age group (n = 11,073).

Percentile

Sex Age group (years) n Mean ± SE 20th 40th 50th 60th 80th

Male 10 to 14 413 1.22 ± 0.02 0.87 1.06 1.14 1.24 1.55

15 to 19 358 1.80 ± 0.02 1.52 1.70 1.77 1.86 2.07

20 to 24 249 1.86 ± 0.02 1.56 1.77 1.84 1.95 2.14

25 to 29 236 1.84 ± 0.02 1.56 1.77 1.86 1.94 2.11

30 to 34 317 1.90 ± 0.02 1.61 1.83 1.90 1.98 2.17

35 to 39 354 1.87 ± 0.02 1.64 1.85 1.90 2.02 2.19

40 to 44 406 1.85 ± 0.02 1.61 1.75 1.85 1.92 2.12

45 to 49 333 1.78 ± 0.02 1.62 1.78 1.86 1.94 2.08

50 to 54 386 1.72 ± 0.01 1.53 1.70 1.76 1.86 2.00

55 to 59 479 1.67 ± 0.02 1.47 1.63 1.72 1.78 1.97

60 to 64 394 1.72 ± 0.01 1.45 1.59 1.67 1.74 1.88

65 to 69 423 1.58 ± 0.02 1.36 1.51 1.58 1.63 1.79

70 to 74 312 1.48 ± 0.02 1.27 1.41 1.47 1.54 1.68

75 to 79 253 1.42 ± 0.02 1.19 1.35 1.41 1.49 1.63

80 148 1.29 ± 0.03 1.02 1.21 1.28 1.35 1.51

65 and above 1136 1.48 ± 0.01 1.24 1.40 1.47 1.55 1.72

70 and above 713 1.42 ± 0.01 1.18 1.35 1.41 1.48 1.65

Female 10 to 14 340 1.05 ± 0.01 0.86 0.98 1.05 1.10 1.25

15 to 19 320 1.22 ± 0.02 1.00 1.14 1.21 1.27 1.43

20 to 24 322 1.23 ± 0.01 1.05 1.18 1.21 1.27 1.43

25 to 29 282 1.21 ± 0.01 0.99 1.14 1.20 1.25 1.43

30 to 34 420 1.25 ± 0.01 1.02 1.17 1.24 1.32 1.46

35 to 39 471 1.26 ± 0.01 1.07 1.19 1.26 1.31 1.46

40 to 44 512 1.22 ± 0.01 1.02 1.15 1.23 1.28 1.41

45 to 49 495 1.19 ± 0.01 1.00 1.14 1.19 1.24 1.36

50 to 54 535 1.14 ± 0.01 0.97 1.08 1.14 1.20 1.31

55 to 59 530 1.10 ± 0.01 0.91 1.04 1.10 1.14 1.29

60 to 64 476 1.04 ± 0.01 0.86 0.99 1.04 1.09 1.14

65 to 69 411 0.98 ± 0.01 0.80 0.91 0.97 1.02 1.15

70 to 74 383 0.91 ± 0.01 0.74 0.85 0.90 0.95 1.08

75 to 79 311 0.83 ± 0.01 0.67 0.76 0.82 0.89 0.99

80 211 0.75 ± 0.02 0.57 0.68 0.73 0.80 0.90

65 and above 1316 0.88 ± 0.01 0.69 0.82 0.87 0.93 1.06

70 and above 905 0.84 ± 0.01 0.65 0.78 0.83 0.89 1.01

Weighted mean ± SE. Relative grip strength = the absolute grip strength divided by body mass index.

https://doi.org/10.1371/journal.pone.0201275.t002
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S2 Table shows results obtained for the correlation between hand grip strength and physical

factors (height, weight, BMI, and waist circumference). The coefficients of determination (r2)

of these correlations were 0.338, 0.310, and 0.138 for grip strength, height, weight, and BMI in

men and 0.238, 0.152, 0.026 in women, respectively (all p<0.001). The mean values of maxi-

mum grip strength after stratification for sex, age, and height for the Korean and U.S.

Table 3. Mean, standard error (SE), lowest quintile of dominant-hand, non-dominant-hand, right-hand and left-hand Grip Strength (kg) by sex and age groups.

Dominant-handa Non-dominant-handb Right-handc Left-handd

Sex Age group (years) Mean ± SE Lowest quintile Mean ± SE Lowest quintile Mean ± SE Lowest quintile Mean ± SE Lowest quintile

Male 10 to 14 24.5 ± 0.5 16.5 23.1 ± 0.4 15.4 24.4 ± 0.5 16.5 23.2 ± 0.4 15.6

15 to 19 39.2 ± 0.4 33.8 36.9 ± 0.4 31.8 39.0 ± 0.4 33.7 37.1 ± 0.4 31.8

20 to 24 42.2 ± 0.5 36.9 39.9 ± 0.5 34.6 42.1 ± 0.5 36.8 40.0 ± 0.5 34.6

25 to 29 44.2 ± 0.5 38.2 41.3 ± 0.5 35.6 44.0 ± 0.5 37.9 41.7 ± 0.5 35.9

30 to 34 46.5 ± 0.5 41.0 43.7 ± 0.5 38.3 46.3 ± 0.5 40.6 43.8 ± 0.5 38.4

35 to 39 46.9 ± 0.5 40.7 44.4 ± 0.4 38.6 46.8 ± 0.5 40.3 44.5 ± 0.5 38.5

40 to 44 45.9 ± 0.4 40.3 43.4 ± 0.4 37.7 45.7 ± 0.4 40.1 43.5 ± 0.4 37.8

45 to 49 44.2 ± 0.4 39.0 42.3 ± 0.4 37.2 44.1 ± 0.4 38.6 42.4 ± 0.4 37.4

50 to 54 42.7 ± 0.3 37.3 40.9 ± 0.4 35.2 42.6 ± 0.3 37.4 40.9 ± 0.4 35.0

55 to 59 40.5 ± 0.4 34.5 38.9 ± 0.3 33.5 40.3 ± 0.4 34.3 39.2 ± 0.3 34.1

60 to 64 39.4 ± 0.4 33.9 37.7 ± 0.4 32.6 39.3 ± 0.4 33.8 37.7 ± 0.3 32.6

65 to 69 36.8 ± 0.4 31.9 35.2 ± 0.4 29.7 36.8 ± 0.3 32.1 35.1 ± 0.4 29.7

70 to 74 34.0 ± 0.4 29.3 32.3 ± 0.4 27.6 33.9 ± 0.3 28.9 32.5 ± 0.4 27.7

75 to 79 31.5 ± 0.5 26.3 30.2 ± 0.5 25.5 31.4 ± 0.5 26.1 30.7 ± 0.5 25.8

80 27.7 ± 0.5 22.3 26.5 ± 0.5 22.4 27.4 ± 0.5 22.1 26.3 ± 0.5 21.9

65 and above 33.6 ± 0.2 28.1 32.3 ± 0.2 27.0 33.6 ± 0.2 28.1 32.2 ± 0.2 26.8

70 and above 31.9 ± 0.3 26.3 30.5 ± 0.3 25.4 31.7 ± 0.3 26.3 30.6 ± 0.3 25.4

Female 10 to 14 20.3 ± 0.3 15.8 19.1 ± 0.3 14.9 20.3 ± 0.3 15.8 19.1 ± 0.3 14.9

15 to 19 25.7 ± 0.3 22.0 24.0 ± 0.3 20.0 25.6 ± 0.3 21.9 24.1 ± 0.3 20.1

20 to 24 25.7 ± 0.3 21.6 24.0 ± 0.3 20.1 25.6 ± 0.3 21.6 24.1 ± 0.3 20.4

25 to 29 25.9 ± 0.3 21.9 23.9 ± 0.3 20.1 25.8 ± 0.3 21.9 23.9 ± 0.3 20.1

30 to 34 27.2 ± 0.3 22.7 25.1 ± 0.3 21.5 27.2 ± 0.3 22.7 25.3 ± 0.3 21.6

35 to 39 27.9 ± 0.3 24.1 26.2 ± 0.2 22.2 27.8 ± 0.2 23.8 26.4 ± 0.2 22.5

40 to 44 27.2 ± 0.2 23.5 25.8 ± 0.2 22.1 27.1 ± 0.2 23.4 25.8 ± 0.2 22.2

45 to 49 27.2 ± 0.3 22.9 25.2 ± 0.3 21.2 27.1 ± 0.2 22.9 25.3 ± 0.2 21.3

50 to 54 26.4 ± 0.2 22.9 24.9 ± 0.2 21.3 26.4 ± 0.2 22.9 24.9 ± 0.2 21.0

55 to 59 25.3 ± 0.2 21.9 23.7 ± 0.2 20.3 25.3 ± 0.2 21.9 23.6 ± 0.2 20.1

60 to 64 24.6 ± 0.2 21.3 23.0 ± 0.2 20.0 24.6 ± 0.2 21.2 23.1 ± 0.2 20.0

65 to 69 23.2 ± 0.3 19.3 21.5 ± 0.2 18.3 23.2 ± 0.3 19.4 21.6 ± 0.2 18.1

70 to 74 21.5 ± 0.2 18.2 20.1 ± 0.3 16.6 21.6 ± 0.2 18.2 20.1 ± 0.3 16.5

75 to 79 19.8 ± 0.3 15.7 18.6 ± 0.3 14.9 19.8 ± 0.3 15.5 18.7 ± 0.3 15.1

80 16.9 ± 0.4 13.0 15.8 ± 0.3 12.3 16.9 ± 0.3 13.0 15.8 ± 0.3 12.4

65 and above 20.8 ± 0.2 16.4 19.4 ± 0.2 15.4 20.7 ± 0.2 16.3 19.4 ± 0.2 15.5

70 and above 19.7 ± 0.2 15.5 18.4 ± 0.2 14.6 19.7 ± 0.2 15.6 18.5 ± 0.2 14.5

Weighted mean ± SE.
an = 11407
bn = 10693 (exclusion of both dominant hands)
cn = 11395
dn = 11392

https://doi.org/10.1371/journal.pone.0201275.t003
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populations are shown in S3 and S4 Tables. For Korean males, the normative value for the age

group 35–39 years with body height 165–169 cm is 45 kg. This value increases by about 2 kg

for every 5 cm of additional body height, up to 179 cm. By contrast, the normative value for

the age group 35–39 years of the same body height in U.S. populations is 46 kg, and this value

increases by about 3 kg for every 5 cm of additional body height. For Korean females in the

same age group, we found that mean values of grip strength increase by 1–2 kg for each 5 cm

of body height. For females in the U.S., the mean value of grip strength increases by 1–3 kg for

each 5 cm of body height.

Discussion

Our study established nationally representative estimates of muscular grip strength over the

lifespan for the Korean population aged 10–80 years. Our normative values for grip strength

across the lifespan will aid in the clinical assessment of grip strength, to help establish thresh-

olds for the identification of muscle weakness and to inform consensus definitions of sarcope-

nia and frailty in older populations.

Our study is the first to produce normative data for grip strength across the whole lifespan

using a population-representative sample from an Asian population. We found that normative

absolute grip strength followed a similar pattern across the lifespan as in Western populations,

increasing to a peak in early and middle adult life, plateauing in midlife, and declining from

midlife onward [23,26,27,29]. Compared with normative data from Western populations, the

peak median values in our study tended to be somewhat lower for absolute grip strength (47

kg for men and 28 kg for women). Normative data collected from 12 British studies identified

peak median grip strength values of 51 kg for males between ages 29 and 39 years and 31 kg

for females between ages 26 and 42 years [29]. These results are close to the normative values

from the U.S. NHANES by Peterson and Krishnan [26]. The Canadian Health Measures Sur-

vey [27], using reference equations for Canadians aged 6–79 years, reported median maximum

grip strength values of 48.4 kg for males and 28.5 kg for females between ages 40 and 44 years.

German Socio-Economic Panel [23] representative data for the German population showed

that pooled means for men are about 54 kg (ages 30–49 years) and about 34.5 kg (ages 35–44

years). The differences in the growth curves for grip strength may be partly owing to the effects

of body size. Our study found a strong positive association between grip strength and body

height in Korean populations. Previous studies of Western populations determined normative

Fig 3. Sex-specific prevalence of weak grip strength based on T-scores of -2 SD sex-specific norms in young adults.

https://doi.org/10.1371/journal.pone.0201275.g003
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values after stratifying for sex, age, and body height [22,23,37]. In other reports, normative

vales for grip strength were determined using the large UK Biobank dataset, which includes

502,713 people from across the general population in the U.K. aged 39–73 years [22], as well as

data from three large nationwide population-based surveys among Danish populations aged

45–102 years [37]. Different average grip strengths for participants of the same height (165–

169.9 cm) and age (45–49 years) were found in the abovementioned British (40 kg for males

and 28 kg for females) and Danish studies (50 kg for males and 31 kg for females). The

reported values for a German study [23] (50 kg for men and 34 kg for women) were similar to

those of the Danish study for men.

The methods used to characterize grip strength may vary based on the choice of dynamom-

eter or the measurement protocol. Our previous work demonstrated statistically significant

differences in grip strength according to dynamometer type and whether measurements were

taken in a seated or standing position [49]. In an additional analysis, our study aimed to com-

pare the mean values of maximum grip strength for Korean and U.S. populations, after strati-

fying for sex, age, and body height, using the same measurement protocol as the KNHANES

for grip strength. We confirmed age- and sex-specific grip strength in the U.S. sample, assum-

ing they had the same body height as their Korean counterparts. For instance, the normative

value for Korean men aged 45–49 years with a body height of 165–169 cm is about 43 kg, and

46 kg for those who are 10 cm taller. By contrast, in a U.S. population, the normative values for

men aged 45–49 years with body height 165–169 cm are about 45 kg (50 kg for those 175–179

cm tall). To take account of this difference in age- and sex-specific grip strength, a 2 to 4 kg dif-

ference in the same height group between the Korean and U.S. populations. There are several

possible explanations for the difference in normative data for grip strength between regions

and ethnic backgrounds, including differences in body size and composition, such as mean

height and weight. To our knowledge, no previous works have determined the normative grip

strength values in a nationally representative study of Asian countries covering the life course.

Here, we were unable to compare Asian populations, as we did not investigate age- and sex-

stratified height (and BMI) alongside grip strength. However, some studies have proposed nor-

mative grip strength values for older adults based on Asian populations [31–34]. Malhotra

et al. [34] reported normative grip strength values among community-dwelling elderly Singa-

poreans aged 60–89 years (means, 26 kg in men and 17 kg in women for the dominant hand).

Seino et al. [32] reported data from six cohorts among Japanese community-dwelling adults

aged 65 years or older (means, 32 kg for men and 20 kg for women for the dominant hand).

We found that elderly Korean men are somewhat stronger than their counterparts in other

older Asian populations, such as in Japan and Singapore.

Age-related declines in grip strength were shown to start as early as the fifth decade of life.

The life course trajectory identified for muscle weakness and any cutoff values related to rele-

vant health outcomes were important. We examined the sex-specific prevalence of weak grip

strength in middle and late adult life with a T-score for grip strength that was�-2 SD, as used

previously by Lauretani et al [10]. Our study found that the prevalence of weak grip strength

increased rapidly in late adult life based on a T-score of�-2 SD (equivalent to 33 kg in males

and 20 kg in females), with approximately 20% of participants having weak grip strength at age

65–69 years in both sexes. Our study used similar cutoff values as other studies. Twelve British

studies demonstrated a high prevalence of weak grip strength (-2 SD: 32 kg in males and 19 kg

in females), with almost half of participants scoring at or below this level by age 80 years and a

prevalence of 20% at age 70 years [30]. A German study using data from five waves of the Ger-

man Socio-Economic Panel [23] defined muscle weakness by values that were 2 SD below the

sex-specific peak means, with a weak grip being defined to start below 33 kg for males and

below 21 kg for females. Moreover, those studies suggested the threshold to define critically
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weak grip associated with elevated mortality risk, using a cut-off at 1 SD below the peak means

(44 kg for men and 28 kg for women). In this study, by ages 60–64 years for men and 65–69

years for women, the average grip strength has dropped by 1 SD (to 40 kg for men and to 24

kg for women). By contrast, the muscle weakness cut-points for Canadians (–2 SD: 27.9 kg in

men and 16.4 kg in women) were inconsistent with the findings of our study. In addition, a

lower prevalence of weak grip strength was found for Canadians, ranging from 3–5% among

3,181 respondents aged 60–79 years from the 2007–2013 Canadian Health Measures Survey

[50]. These T-score differences are likely attributable to the size of standard deviation differ-

ences based on grip strength among a sample of young Canadians adults (e.g., mean of 48.5 kg

[SD 10.3] for men aged 20 to 39 years).

In older populations, muscle weakness is a key component of sarcopenia and the frailty

phenotype [3,4]. It is also regarded as an indicator of malnutrition [5]. Several grip strength

cutoff values to identify clinically relevant weakness and frailty phenotypes have been proposed

by the Cardiovascular Health Study [3], the European Working Group on Sarcopenia in Older

People [4], the FNIH Sarcopenia Project [51], and the Asian Working Group for Sarcopenia

(AWGS) [52]. Cutoff values for weakness were defined in the 2014 FNIH Sarcopenia Project

(26 kg for males and 16 kg for females) and AWGS (26 kg for males and 18 kg for females).

Our data showed that the lowest quintile of maximum grip strength for age 70 years or older

was approximately 28 kg for males and 16 kg for females, whereas the lowest quintile for domi-

nant-hand grip strength was approximately 26 kg for males and 16 kg for females (Table 3).

Our findings can help to confirm relationships in longitudinal trajectories of weak grip

strength when individual values are used to determine risk. In particular, age- and sex-based

grip strength criteria that are specific to sarcopenia or frailty in a Korean population should be

defined in the future.

This study is representative of a large Korean population, which is a major strength. How-

ever, this study also has some limitations. First, our data for the reference equations developed

in this study apply only to people age 10–80 years who had their data collected using similar

dynamometers and test protocols. Second, our normative data for grip strength are cross-sec-

tional and are likely to underestimate individual decline. Third, the analyzed normative data

were obtained from both healthy and unhealthy populations, based on a survey sample repre-

sentative of the entire non-institutionalized general population of Korea. Further research into

the reference values among healthy individuals without chronic conditions that can influence

grip strength is required [27]. Furthermore, the inference of exposure thresholds or percentiles

ascertained from cross-sectional data make it difficult to understand longitudinal changes or

the direction of causation between exposure and the outcomes of interest. Therefore, future

studies are needed to establish the clinical relevance and prognostic value of our results.

Finally, this study calculated relative grip strength as the absolute grip strength divided by BMI

because normalized strength is associated with sarcopenia [26].

Conclusions

We established nationally representative estimates of muscular grip strength over the lifespan.

Our data will be useful for the development of grip strength reference equations for Korean

populations 10–80 years of age. The percentiles of grip strength were compared to populations

from other countries to identify normative values and were constructed to include both age-

and sex-specific absolute and relative grip strength growth curves. These normative reference

values for grip strength across the lifespan can inform the clinical assessment of grip strength.

Our findings also will help to establish thresholds for the identification of muscle weakness in

a consensus definition of sarcopenia and frailty among older populations.

Muscular grip strength normative values for a Korean population

PLOS ONE | https://doi.org/10.1371/journal.pone.0201275 August 20, 2018 12 / 16

https://doi.org/10.1371/journal.pone.0201275


Supporting information

S1 Table. Unweighted mean and standard deviations (SD) for maximal grip strength and

relative grip strength, by sex and age for a population from KNHANES VI.

(DOCX)

S2 Table. Linear regression of grip strength on anthropometric characteristics, by sex.

(DOCX)

S3 Table. Unweighted means for maximal grip strength by sex, age, and body height, for a

population from KNHANES VI.

(DOCX)

S4 Table. Unweighted means for maximal grip strength by sex, age, and body height, from

a U.S. representative sample.

(DOCX)

S1 File. Data set files used for the study analysis.

(XLSX)

Acknowledgments

This work was supported by Basic Science Research Program through the National Research

Foundation of Korea (NRF) funded by the Korea Ministry of Education [grant numbers

2017R1D1A1B03032739].

Author Contributions

Conceptualization: Miji Kim.

Data curation: Miji Kim.

Formal analysis: Miji Kim, Maengkyu Kim.

Methodology: Miji Kim, Chang Won Won, Maengkyu Kim.

Project administration: Miji Kim.

Resources: Miji Kim.

Writing – original draft: Miji Kim, Chang Won Won, Maengkyu Kim.

Writing – review & editing: Miji Kim, Chang Won Won, Maengkyu Kim.

References
1. Clark BC, Manini TM (2012) What is dynapenia? Nutrition 28: 495–503. https://doi.org/10.1016/j.nut.

2011.12.002 PMID: 22469110

2. Manini TM, Clark BC (2012) Dynapenia and aging: an update. J Gerontol A Biol Sci Med Sci 67: 28–40.

https://doi.org/10.1093/gerona/glr010 PMID: 21444359

3. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, et al. (2001) Frailty in older adults: evidence

for a phenotype. J Gerontol A Biol Sci Med Sci 56: M146–156. PMID: 11253156

4. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, et al. (2010) Sarcopenia: European

consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia in Older

People. Age Ageing 39: 412–423. https://doi.org/10.1093/ageing/afq034 PMID: 20392703

5. Martinez Olmos MA, Martinez Vazquez MJ, Martinez-Puga Lopez E, del Campo Perez V (2005) Nutri-

tional status study of inpatients in hospitals of Galicia. Eur J Clin Nutr 59: 938–946. https://doi.org/10.

1038/sj.ejcn.1602157 PMID: 15942640

Muscular grip strength normative values for a Korean population

PLOS ONE | https://doi.org/10.1371/journal.pone.0201275 August 20, 2018 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201275.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201275.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201275.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201275.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0201275.s005
https://doi.org/10.1016/j.nut.2011.12.002
https://doi.org/10.1016/j.nut.2011.12.002
http://www.ncbi.nlm.nih.gov/pubmed/22469110
https://doi.org/10.1093/gerona/glr010
http://www.ncbi.nlm.nih.gov/pubmed/21444359
http://www.ncbi.nlm.nih.gov/pubmed/11253156
https://doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/pubmed/20392703
https://doi.org/10.1038/sj.ejcn.1602157
https://doi.org/10.1038/sj.ejcn.1602157
http://www.ncbi.nlm.nih.gov/pubmed/15942640
https://doi.org/10.1371/journal.pone.0201275


6. Mainous AG 3rd, Tanner RJ, Anton SD, Jo A (2015) Grip Strength as a Marker of Hypertension and Dia-

betes in Healthy Weight Adults. Am J Prev Med 49: 850–858. https://doi.org/10.1016/j.amepre.2015.

05.025 PMID: 26232901

7. Loprinzi PD, Loenneke JP (2016) Evidence of a Link Between Grip Strength and Type 2 Diabetes Prev-

alence and Severity Among a National Sample of U.S. Adults. J Phys Act Health 13: 558–561. https://

doi.org/10.1123/jpah.2015-0241 PMID: 26552062

8. Leong DP, Teo KK, Rangarajan S, Lopez-Jaramillo P, Avezum A, et al. (2015) Prognostic value of grip

strength: findings from the Prospective Urban Rural Epidemiology (PURE) study. The Lancet 386:

266–273.

9. Ortega FB, Silventoinen K, Tynelius P, Rasmussen F (2012) Muscular strength in male adolescents

and premature death: cohort study of one million participants. BMJ 345: e7279. https://doi.org/10.1136/

bmj.e7279 PMID: 23169869

10. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, et al. (2003) Age-associated changes in

skeletal muscles and their effect on mobility: an operational diagnosis of sarcopenia. J Appl Physiol 95:

1851–1860. https://doi.org/10.1152/japplphysiol.00246.2003 PMID: 14555665

11. Roberts HC, Denison HJ, Martin HJ, Patel HP, Syddall H, et al. (2011) A review of the measurement of

grip strength in clinical and epidemiological studies: towards a standardised approach. Age Ageing 40:

423–429. https://doi.org/10.1093/ageing/afr051 PMID: 21624928

12. Bohannon RW (2015) Muscle strength: clinical and prognostic value of hand-grip dynamometry. Curr

Opin Clin Nutr Metab Care 18: 465–470. https://doi.org/10.1097/MCO.0000000000000202 PMID:

26147527

13. Matos LC, Tavares MM, Amaral TF (2007) Handgrip strength as a hospital admission nutritional risk

screening method. Eur J Clin Nutr 61: 1128–1135. https://doi.org/10.1038/sj.ejcn.1602627 PMID:

17268416

14. Collins J, Porter J, Truby H, Huggins CE (2016) How does nutritional state change during a subacute

admission? Findings and implications for practice. Eur J Clin Nutr 70: 607–612. https://doi.org/10.1038/

ejcn.2016.2 PMID: 26931666

15. Harris T (1997) Muscle mass and strength: relation to function in population studies. J Nutr 127:

1004S–1006S. https://doi.org/10.1093/jn/127.5.1004S PMID: 9164284

16. Ishizaki T, Watanabe S, Suzuki T, Shibata H, Haga H (2000) Predictors for functional decline among

nondisabled older Japanese living in a community during a 3-year follow-up. J Am Geriatr Soc 48:

1424–1429. PMID: 11083318

17. Taekema DG, Gussekloo J, Maier AB, Westendorp RG, de Craen AJ (2010) Handgrip strength as a

predictor of functional, psychological and social health. A prospective population-based study among

the oldest old. Age Ageing 39: 331–337. https://doi.org/10.1093/ageing/afq022 PMID: 20219767

18. Bohannon RW (2008) Hand-grip dynamometry predicts future outcomes in aging adults. J Geriatr Phys

Ther 31: 3–10. PMID: 18489802

19. Gunther CM, Burger A, Rickert M, Crispin A, Schulz CU (2008) Grip strength in healthy caucasian

adults: reference values. J Hand Surg Am 33: 558–565. https://doi.org/10.1016/j.jhsa.2008.01.008

PMID: 18406961

20. Ploegmakers JJW, Hepping AM, Geertzen JHB, Bulstra SK, Stevens M (2013) Grip strength is strongly

associated with height, weight and gender in childhood: a cross sectional study of 2241 children and

adolescents providing reference values. Journal of Physiotherapy 59: 255–261. https://doi.org/10.

1016/S1836-9553(13)70202-9 PMID: 24287219

21. Massy-Westropp NM, Gill TK, Taylor AW, Bohannon RW, Hill CL (2011) Hand Grip Strength: age and

gender stratified normative data in a population-based study. BMC Res Notes 4: 127. https://doi.org/

10.1186/1756-0500-4-127 PMID: 21492469

22. Spruit MA, Sillen MJ, Groenen MT, Wouters EF, Franssen FM (2013) New normative values for hand-

grip strength: results from the UK Biobank. J Am Med Dir Assoc 14: 775 e775-711.

23. Steiber N (2016) Strong or Weak Handgrip? Normative Reference Values for the German Population

across the Life Course Stratified by Sex, Age, and Body Height. PLoS One 11: e0163917. https://doi.

org/10.1371/journal.pone.0163917 PMID: 27701433

24. Bohannon RW, Peolsson A, Massy-Westropp N, Desrosiers J, Bear-Lehman J (2006) Reference val-

ues for adult grip strength measured with a Jamar dynamometer: a descriptive meta-analysis. Physio-

therapy 92: 11–15.

25. Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, et al. (2014) The FNIH Sarcopenia

Project: Rationale, Study Description, Conference Recommendations, and Final Estimates. The Jour-

nals of Gerontology Series A: Biological Sciences and Medical Sciences 69: 547–558. https://doi.org/

10.1093/gerona/glu010 PMID: 24737557

Muscular grip strength normative values for a Korean population

PLOS ONE | https://doi.org/10.1371/journal.pone.0201275 August 20, 2018 14 / 16

https://doi.org/10.1016/j.amepre.2015.05.025
https://doi.org/10.1016/j.amepre.2015.05.025
http://www.ncbi.nlm.nih.gov/pubmed/26232901
https://doi.org/10.1123/jpah.2015-0241
https://doi.org/10.1123/jpah.2015-0241
http://www.ncbi.nlm.nih.gov/pubmed/26552062
https://doi.org/10.1136/bmj.e7279
https://doi.org/10.1136/bmj.e7279
http://www.ncbi.nlm.nih.gov/pubmed/23169869
https://doi.org/10.1152/japplphysiol.00246.2003
http://www.ncbi.nlm.nih.gov/pubmed/14555665
https://doi.org/10.1093/ageing/afr051
http://www.ncbi.nlm.nih.gov/pubmed/21624928
https://doi.org/10.1097/MCO.0000000000000202
http://www.ncbi.nlm.nih.gov/pubmed/26147527
https://doi.org/10.1038/sj.ejcn.1602627
http://www.ncbi.nlm.nih.gov/pubmed/17268416
https://doi.org/10.1038/ejcn.2016.2
https://doi.org/10.1038/ejcn.2016.2
http://www.ncbi.nlm.nih.gov/pubmed/26931666
https://doi.org/10.1093/jn/127.5.1004S
http://www.ncbi.nlm.nih.gov/pubmed/9164284
http://www.ncbi.nlm.nih.gov/pubmed/11083318
https://doi.org/10.1093/ageing/afq022
http://www.ncbi.nlm.nih.gov/pubmed/20219767
http://www.ncbi.nlm.nih.gov/pubmed/18489802
https://doi.org/10.1016/j.jhsa.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/18406961
https://doi.org/10.1016/S1836-9553(13)70202-9
https://doi.org/10.1016/S1836-9553(13)70202-9
http://www.ncbi.nlm.nih.gov/pubmed/24287219
https://doi.org/10.1186/1756-0500-4-127
https://doi.org/10.1186/1756-0500-4-127
http://www.ncbi.nlm.nih.gov/pubmed/21492469
https://doi.org/10.1371/journal.pone.0163917
https://doi.org/10.1371/journal.pone.0163917
http://www.ncbi.nlm.nih.gov/pubmed/27701433
https://doi.org/10.1093/gerona/glu010
https://doi.org/10.1093/gerona/glu010
http://www.ncbi.nlm.nih.gov/pubmed/24737557
https://doi.org/10.1371/journal.pone.0201275


26. Peterson MD, Krishnan C (2015) Growth Charts for Muscular Strength Capacity With Quantile Regres-

sion. Am J Prev Med 49: 935–938. https://doi.org/10.1016/j.amepre.2015.05.013 PMID: 26232900

27. Wong SL (2016) Grip strength reference values for Canadians aged 6 to 79: Canadian Health Measures

Survey, 2007 to 2013. Health Rep 27: 3–10.

28. Perna FM, Coa K, Troiano RP, Lawman HG, Wang CY, et al. (2016) Muscular Grip Strength Estimates

of the U.S. Population from the National Health and Nutrition Examination Survey 2011–2012. J

Strength Cond Res 30: 867–874. https://doi.org/10.1519/JSC.0000000000001104 PMID: 26196662

29. Dodds RM, Syddall HE, Cooper R, Benzeval M, Deary IJ, et al. (2014) Grip strength across the life

course: normative data from twelve British studies. PLoS One 9: e113637 https://doi.org/10.1371/

journal.pone.0113637 PMID: 25474696

30. Dodds RM, Syddall HE, Cooper R, Kuh D, Cooper C, et al. (2016) Global variation in grip strength: a

systematic review and meta-analysis of normative data. Age Ageing 45: 209–216. https://doi.org/10.

1093/ageing/afv192 PMID: 26790455

31. Kamide N, Kamiya R, Nakazono T, Ando M (2015) Reference values for hand grip strength in Japanese

community-dwelling elderly: a meta-analysis. Environ Health Prev Med 20: 441–446. https://doi.org/10.

1007/s12199-015-0485-z PMID: 26253392

32. Seino S, Shinkai S, Fujiwara Y, Obuchi S, Yoshida H, et al. (2014) Reference values and age and sex

differences in physical performance measures for community-dwelling older Japanese: a pooled analy-

sis of six cohort studies. PLoS One 9: e99487. https://doi.org/10.1371/journal.pone.0099487 PMID:

24923425

33. Lee WJ, Peng LN, Chiou ST, Chen LK (2016) Relative Handgrip Strength Is a Simple Indicator of Cardi-

ometabolic Risk among Middle-Aged and Older People: A Nationwide Population-Based Study in Tai-

wan. PLoS One 11.

34. Malhotra R, Ang S, Allen JC, Tan NC, Ostbye T, et al. (2016) Normative Values of Hand Grip Strength

for Elderly Singaporeans Aged 60 to 89 Years: A Cross-Sectional Study. J Am Med Dir Assoc 17: 864

e861–867.

35. Kweon S, Kim Y, Jang MJ, Kim K, Choi S, et al. (2014) Data resource profile: the Korea National Health

and Nutrition Examination Survey (KNHANES). Int J Epidemiol 43: 69–77. https://doi.org/10.1093/ije/

dyt228 PMID: 24585853

36. Budziareck MB, Pureza Duarte RR, Barbosa-Silva MC (2008) Reference values and determinants for

handgrip strength in healthy subjects. Clin Nutr 27: 357–362. https://doi.org/10.1016/j.clnu.2008.03.

008 PMID: 18455840

37. Frederiksen H, Hjelmborg J, Mortensen J, McGue M, Vaupel JW, et al. (2006) Age trajectories of grip

strength: cross-sectional and longitudinal data among 8,342 Danes aged 46 to 102. Ann Epidemiol 16:

554–562. https://doi.org/10.1016/j.annepidem.2005.10.006 PMID: 16406245

38. Kenny RA, Coen RF, Frewen J, Donoghue OA, Cronin H, et al. (2013) Normative values of cognitive

and physical function in older adults: findings from the Irish Longitudinal Study on Ageing. J Am Geriatr

Soc 61 Suppl 2: S279–290.

39. Studenski SA, Peters KW, Alley DE, Cawthon PM, McLean RR, et al. (2014) The FNIH sarcopenia proj-

ect: rationale, study description, conference recommendations, and final estimates. J Gerontol A Biol

Sci Med Sci 69: 547–558. https://doi.org/10.1093/gerona/glu010 PMID: 24737557

40. Choquette S, Bouchard DR, Doyon CY, Senechal M, Brochu M, et al. (2010) Relative strength as a

determinant of mobility in elders 67–84 years of age. a nuage study: nutrition as a determinant of suc-

cessful aging. J Nutr Health Aging 14: 190–195. PMID: 20191251

41. Dong R, Wang X, Guo Q, Wang J, Zhang W, et al. (2016) Clinical Relevance of Different Handgrip

Strength Indexes and Mobility Limitation in the Elderly Adults. J Gerontol A Biol Sci Med Sci 71: 96–

102. https://doi.org/10.1093/gerona/glv168 PMID: 26409067

42. Steffl M, Chrudimsky J, Tufano JJ (2017) Using relative handgrip strength to identify children at risk of

sarcopenic obesity. PLoS One 12: e0177006. https://doi.org/10.1371/journal.pone.0177006 PMID:

28542196

43. Korea Centers for Disease Control and Prevention (2012) Korean National Health and Nutrition Exami-

nation Survey. Korea Centers for Disease Control and Prevention.

44. Chen C (2015) Growth charts of body mass index (BMI) with quantile regression. Proceedings of Inter-

national Conference on Algorithmic Mathematics and Computer Science, Las Vegas,: 114–120.

45. Kanis JA (2002) Diagnosis of osteoporosis and assessment of fracture risk. The Lancet 359: 1929–

1936.

46. CDC NHANES 2013–1014 [Internet]. [cited 2016 Mar 10]. Available from: https://wwwn.cdc.gov/nchs/

nhanes/search/nhanes13_14.aspx.

Muscular grip strength normative values for a Korean population

PLOS ONE | https://doi.org/10.1371/journal.pone.0201275 August 20, 2018 15 / 16

https://doi.org/10.1016/j.amepre.2015.05.013
http://www.ncbi.nlm.nih.gov/pubmed/26232900
https://doi.org/10.1519/JSC.0000000000001104
http://www.ncbi.nlm.nih.gov/pubmed/26196662
https://doi.org/10.1371/journal.pone.0113637
https://doi.org/10.1371/journal.pone.0113637
http://www.ncbi.nlm.nih.gov/pubmed/25474696
https://doi.org/10.1093/ageing/afv192
https://doi.org/10.1093/ageing/afv192
http://www.ncbi.nlm.nih.gov/pubmed/26790455
https://doi.org/10.1007/s12199-015-0485-z
https://doi.org/10.1007/s12199-015-0485-z
http://www.ncbi.nlm.nih.gov/pubmed/26253392
https://doi.org/10.1371/journal.pone.0099487
http://www.ncbi.nlm.nih.gov/pubmed/24923425
https://doi.org/10.1093/ije/dyt228
https://doi.org/10.1093/ije/dyt228
http://www.ncbi.nlm.nih.gov/pubmed/24585853
https://doi.org/10.1016/j.clnu.2008.03.008
https://doi.org/10.1016/j.clnu.2008.03.008
http://www.ncbi.nlm.nih.gov/pubmed/18455840
https://doi.org/10.1016/j.annepidem.2005.10.006
http://www.ncbi.nlm.nih.gov/pubmed/16406245
https://doi.org/10.1093/gerona/glu010
http://www.ncbi.nlm.nih.gov/pubmed/24737557
http://www.ncbi.nlm.nih.gov/pubmed/20191251
https://doi.org/10.1093/gerona/glv168
http://www.ncbi.nlm.nih.gov/pubmed/26409067
https://doi.org/10.1371/journal.pone.0177006
http://www.ncbi.nlm.nih.gov/pubmed/28542196
https://wwwn.cdc.gov/nchs/nhanes/search/nhanes13_14.aspx
https://wwwn.cdc.gov/nchs/nhanes/search/nhanes13_14.aspx
https://doi.org/10.1371/journal.pone.0201275


47. CDC NHANES 2013–1014 [Internet]. [cited 2016 Mar 10]. Available from: https://wwwn.cdc.gov/nchs/

data/nhanes/2013-2014/manuals/muscle_strength_2013.pdf.

48. CDC NHANES: sample design, 2011–2014 [Internet]. [cited 2016 Mar 10]. Available from: http://www.

cdc.gov/nchs/data/series/sr_02/sr02_162.pdf.

49. Kim M, Shinkai S (2017) Prevalence of muscle weakness based on different diagnostic criteria in com-

munity-dwelling older adults: A comparison of grip strength dynamometers. Geriatr Gerontol Int 18:

https://doi.org/10.1111/ggi.13027 [Epub ahead of print]

50. Wong SL (2016) Reduced muscular strength among Canadians aged 60 to 79: Canadian Health Mea-

sures Survey, 2007 to 2013. Health Rep 27: 11–17.

51. Alley DE, Shardell MD, Peters KW, McLean RR, Dam TTL, et al. (2014) Grip Strength Cutpoints for the

Identification of Clinically Relevant Weakness. The Journals of Gerontology Series A: Biological Sci-

ences and Medical Sciences 69: 559–566.

52. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, et al. (2014) Sarcopenia in Asia: consensus

report of the asian working group for sarcopenia. J Am Med Dir Assoc 15: 95–101. https://doi.org/10.

1016/j.jamda.2013.11.025 PMID: 24461239

Muscular grip strength normative values for a Korean population

PLOS ONE | https://doi.org/10.1371/journal.pone.0201275 August 20, 2018 16 / 16

https://wwwn.cdc.gov/nchs/data/nhanes/2013-2014/manuals/muscle_strength_2013.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2013-2014/manuals/muscle_strength_2013.pdf
http://www.cdc.gov/nchs/data/series/sr_02/sr02_162.pdf
http://www.cdc.gov/nchs/data/series/sr_02/sr02_162.pdf
https://doi.org/10.1111/ggi.13027
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1016/j.jamda.2013.11.025
http://www.ncbi.nlm.nih.gov/pubmed/24461239
https://doi.org/10.1371/journal.pone.0201275

